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SUMMARY 

Several laminated glass windshields, all characterized 
by an extension of the center plastic layer around the 
edges of the panels for mounting in aircraft, have been 
investigated to determine their suitability for use in 
airplanes with pressurized uabina, The various construe- . 
tions of the extended portions of the windshields which 
eerve for mounting purposes included plastic alone, 
plastic and one sheet of glass extended, plastic exten- 
sion reinforced with an aluminum strip, and plastic ex- 
tension reinforced with a steel strip. The tests 
conducted on the various windshield panels included creep, 
behavior under cyclic loading,and bursting tests at tem- 
peratures of -2O*, 77', and 14Oe F. 

The results of the teats indicated that the laminated 
windshields with plastic-mounting extensions reinforced 
by aluminum or steel were resistant to creep and bursting 
at pressures of the order that will be encountered in ser- 
vice, It spgears that their ability to withstand service 
pressures at a temperature of 140° F should make them 
suitable for use in a heat de-icing design which involves 
double glazing and the circulation of heated air in the 
space between the two glass panes. ' 

In the construction of airplanes with pressure-sealed 
aabins the problem of finding suitable means for mounting 
the glass windshields and windows arises. The mounting 
must furnish an airtight seal over a wide range of tem- 
peratures, must allow for differential thermal expansion 
of the windshield relative to the frame without the 
creation of high stresses in the glass, and must not be 
so flexible that the windshield deflects excessively under 
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P possible'service conditions, To meet these requirements, 

several counthngs have been proposed in whioh the plastic 
layer of the laminated glass is extended. beyond the edge 
of tho glass, the windshield being held in place by bolts 
through the extended plastic edge. 

In order to evaluate mountings of this type, the 
Hational Bureau of Standards, at the request and with 
the financial assistance of the National Advisory Committee 
for Aeronautics, carried out an investigation of several 
types of plaetia mounting, The deflection character$s- 
tics, crcop behavior, and bursting strength at various 
temperatures were included in this work.. This report 
summarfzas the results of t4e investigation. 

4 

-4 
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The laminated glas's wtndshields, supplied by the 
Pittsburgh Plate Glass Company, uonsisted of a layer of 
0.1%inuh-thick vinyl butyral plaatfc sandwiched between 
12-inch square sheets of 3/64-inch-thick semi-tempered 
glass. In theso windshields the plastic innsr layer was 
exfendod, sometimes with reinforcement, to form the 
mounting. lChe mountings tested, illustrated in figure 1, 
were constructed a8 follaws: 

wq 0, Description 

A Plastic extended 

B Plastic extended and one sheet of glass 
partially extended 

c: Plastic extended and reinforced with a 
strip of 0.032-inch-thick aluminum 
reaching from the outer edge of the 
plastic to about l/4 fnch between the 
glass plates 

9 Plastic extended and reinforced with a 
strip of 0.019-inch-thick-stainless 
steel reaching from the outer edge of 
the plastic to about l/4 inch between 
tba glass plates 
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The windshio3,tb panels were tested in a heavy steel 
pr essur 0 chamber , The mountings were clamped to the 
chamber by moans of a frame whioh was bolted to the 
chamber it8 ShOWll in figure 2. A pressure chamber with 
a windshiold panel in place and a dismantled pressure 
chamber are shown in figures 3 and 4, respectively. !Che 
surfaoes of the chamber and of the frame adjacent to the 
windshield were ground flat to minimiso leaks. Xt was 
found in son8 preliminary tests that at samt3 tempera- 
tures a frame of I/&lnch-thfck steel would twist msas- 
urably at moderate pressures, Since measurements of 
deflcctiox were made with reference to the frame, it way,. 
decided to use frame8 L/2 fnah in thickness or greatcr 
for the subsequent work. The steel pressure chambers 
were erected so that the plane of the windshi8ld was 
vertfoal for all. tests. ., 

ft was found that the most satiafaotory method for 
maintaining constant pressure on the windshield in the 
test chslber was by means of compressed oxygen or,;;; in 
a cylinder equipped with a two-stage regulator. 
such equiyment, a uonstant pressure could be maintained 
over long periods of time and for a wide range of tem- 
peratur88. A11 tests were made with the aame temperature 
on both sides of the windshield, The temperatures at 
which tests were conducted were 240°, 77', and -20' F. 
The deflection of the panels was measured at the center, 
at each corner, and at the middle of each edge. The de- 
flectioil neasurements at the corners and the middle of 
the 8dc88 were made at a distance of about l/8 inch from 
the inside edge of the frame, A dial gage mounted on a 
bar the edges of which were machined flat was used for 
al1 deflection measurements except those taken at 140' F, 
when the dimensions of the oven necessitated the use of 
a screw niarometer depth gage at the corners and the 
middle of the edges. 

ZEST PBOGEDWBES 

Plroceaure for Creep Tests 

4 

a 

Each windshield panel was clamped firmly in .the 
test chamber and conditioned at the tast temperature for 
at least I.6 hour8 prfor to testing, The t8St consisted 
of maintaining a constant pressure in the test chamber 
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for a period of 24 hours. Deflection measurements wsre 
taken at tine intarvaLs that were-approximately logrt- 
rithnically equal, bath for the 2&haur loading period 
and tho subsequent 24 hours of recovery; the fipst set 
of readings was taken about 6 minutes after the pressure 
was applied. Since a set of measurements for all the 
locations required sevsral minutea, the values for the 
four corners (or the middle of the edges) could not be 
averaged in the early part of a test because of the high 
rate of creep. Fhs data for eauh positfon were pLotted 
and curves vere drawn for the first 2 hours of each load- 
ing and each recovery period9 IChe average creep for four 
equivalent positions for a particular time interval was 
obtained from these curves. 

In Bop18 instances, owing to the development of leaks, 
failure of control apparatus, and so forth, it was neces- 
sary to use the same windshfeld panel for mars than one 
tast,. An appreciable time was allowed between tests to 
provide fop recovery so that any effeot of the prior 
tests on those panels would be negligible. 

Procedure for Cyclic Loading Tests 

Zhoso tests, carried out at 77' PF were 2ntended 
to ap?roxinate the loading and unloading sequence for an 
airplane making dai3y flights with daily servfcing periods 
included. The mean temperature in a windshield panel in 
an airglana in normal high altitude flrght probably would 
be considerably less than 77' $, and hence tha amount of 
areep and '~pernanent" set obtained in service would be 
less than that obtafnsd in these tests, If heated air 
for de-icing purposes tes circulated against the insida 
surface of the windshield, the mean temperature in the 
windshiold nay be much greater than 77' B, In the latter 
case, a plastfc mountfng with a higher softening tempora- 
ture than that of those tested nay be required to avoid 
oxcessiva ;creep and permanent set. 

The windshieLd panels were subjected in alternate 
periods to a constant pressure of 8 pounds per square 
inch f,or 8 hours and then to I.6 hours of rccovory. The 
panols voro'given 4 to 7 cycles of loading, Deflection 
readings at the center, middle of the edgas, and corners 
were takan at the end of each Zoading and each recovery 
period. 
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Procedure for Bursting Strength Tests 

P 

. 

Tho bursting strength tests were made at tempera- 
tures of approximately -20°, 77o, and 140' P upon panels 
which had been conditioned 17 to 24 hours. In the short- 
timo tasta the pressure was increased gradually to cause 
failure in about 1 to 2 minutes. The panels were mounted 
and the bolts tightened at'room temperature, afBsr which 
the specimens were removed to the conditioning atmos- 
phere. For the tests performed at 77" and 140' F, it 
was not nocossary to tighten the bolts again before the 
pressure was applied. At -2O* P, however, seven of the 
sight panels tested leaked so badly thgt'tightening 
again at the low temperstare WENI necessary before the 
tests could ba made, Prom this behaviar it is apparent 
that tither a gasket material must be inoludod in the 
mounting or the maunting.must be redesigned to prevent 
leaks rosulting'frcm the oontraction of the windshield 
panel at low temperature+ . 

To obtain strength-t$me curves for each temperature 
and aach type of panel, considerable time as well as a 
.large amount of material would ba required. Consequently, 
it was docidod to subject two types of panel to two-' 
thirds of the maximum prassure which they withstood in 
the short-time bursting tests to obtain some data on 
their long-time bursting strength. Types A and C panels 
wera salacted for thesa tests since A appeared to ba 
the least satisfactory and C the most satisfactory in 
tha other tests? Zha panels were conditioned and mounted 
as described for the cyclic loading test. 

Creep Tests 

Tha deflection-time characteristics for the various 
typos of panel are shown in figures 5 to 14. The 5- 
mfnute and.the:24-hour deflection values for theso 
panals ara given in table I. The difference between 
the 6minute and the 24-hour deflection value, the amount 
of creep for that time interval, was calculated for the - 
panels report08 in table I. These creep data are pre- 
sented in table. II, 

&.gB'13 at -20° q- Al1 the windshields were quite 
rigid at the temperature of -20' P, The deflections at 
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the center did not exoeed 0.04 inah for pressures of 6 
to 10 pounds per Square inoh. For the same pressures 
the deflections at the edges were at most a few thou- 
sandths of an inch, The ureep at sub-zero temperatures 
was negligible, amounting to n&t more than 0.002 inch at 
the oenter, which is about the order of accuracy of the 
low-temperstura meaeuremeats. -. 

Creep at 77* F.- At a temperature of 77O F and a 
pressure of 8 pounds per square inch the defleotions 
observed far all panels were much greater than at -20' F. 
At the oenter, initial deflections ranging from 0.15 to 
0.24 inoh weep observed, For the middle of the edge, 
the lowest deflections were exhibited by the mountings 
containfng a metal insert, the values being 0.018 and 
0.013 inch for types C and D, respectively. The type B 
paneLl in whfch the load on the plastic at the edge is 
mainly aompressfon rather than shear, deflected about 
twice as much at the middle of the edge as the types C 
and D. At the same position a deflection of 0.08 inch 
was noted for the type A mount$ng. The initial corner 
deflections dfd not exceed a hundredth of an inch for 
EL.11 types. . *. 

It can be seen fn figures 10 and $1 that slight 
negative deflections of the oornere of panels 0 and D 
were obtained in these tests. These negative corner 
deflections may be explained as follows: When a square 
plate is uniformly loaded* the corners in general have 
a tendency to rise (see reference 1, p* 92.) Thts 
oocurs in panels both with and without the metal insert, 
but in the second type the paneb ae a whole moves con- 
siderably relative to the frame because the plastic 
edge deflects easily under a shearfng load, ' The deflec- I 
tion is measured reiatfve to the frame and, if the 
average shear deflection of the edge is high, the tend- 
ency of the corner to rise relatfve to the middle of 
the edge is not evidenced. 

!P’Be creep in the 24-hour period was greatest for 
the type A mounting. 'The deflections at the center and 
at the middle of the edge Oncreased almost 0.1 inch; at 
the corners the creeag was 0.04 inch. For the other 
panels the amount of creep at the center ranged from 
0.012 to 0,026 inch for types B, G, and D, and at the 
middle of the edges the creep amounted to about 0.010 
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inch,for those panels, At the corners the creep was 
0.003 inch for type B and about-0,0(24 inch for types 
C and D. 

The rccovmy of the mountings i3, C, and D wes good 
in those-tests, Since the creep for type A was sovePa1 
times as great es that far tho other typos, it 5s not 
surprfsing to note that a Much larger residual deflec- 
tion WCS obtained for tha typo A panel at the end of tha 
24-hour recovery period than for the other types. IftheresiG 
ual doflactfon at the end of 24 hours (table I> is com- 
pared with the amount of croap (table II), it is noted 
that, for ali types of mounting, the reaidualdef'lectio~ at the 
oad of 2~1 hours is about helf the amount of.croep for 
the center and the middle of edge positions. 

Crow at 140'.3*- At 140* 3 and undar a pressure 
of 2% pounds per square inch, the typo A mounting de- 
flected beyond ths edgo of the frame in PQ hours and 
failed in about 4 hours, This type would not be suft- 
able if, when searching for leaks in the airplane cabin, 
this pressure were applied at hfgh temperatures as in 
the tropics. The other mountings withstood the same 
pressure for the 24-hour period and exhibited initial 
centor dofldct9ons of 0.01 to 0,lO inch, The doflec- 
tfons at the Diddle of the edge ranged from 0.01 inch 
for typo C to 0.03 inch for type 3. ‘rho amount of 
creep in 24 hours was greatest for the type B panel, 
but tho troop at the center and the middle of the edges 
was only 0,03 inch. The least amount of oresp was 
exhlbitod by panol C-1, whioh also showed the least 
initial dofloctton, 

Eho slight diff orenges between the deflections 
and the czoap behavior for panels of typos C and D are 
probably ‘caused by slight varfations in size and 
squarenoss of the panels. Ihe def leot%on is sensitive 
to tha cLearan& a fn ftgure 2, and the dimons$onk of 
tho glass panels vary as mu& es f/32 fach. 

Eha recovery for the panels with the metal insert 
was bottor than that for typo B ganel, 
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Gy-clic Loading Tests 
. 

The dofloction values for the panels tested under 
cyclic Loading are presented in table IT1 and are do- 
pict@ graphically in figures 15 through 18. A compari- 
sun of the behavior of duplicate panels of the four 
typos of windshield after 8 hours of continuous loading 
at a prossuro of 8 pounds per square inch is given in 
table IV. 

Typos B, C, an& $3 panels ehowsd only very slight 
incroasos in defloctfan for all positSons at the end 
of the sixth period of loading (table IfI), the amount 
being loss than 0.001 iaah for type 8, less than 0.005 
inch for typo c, and less than 0.002 fnch for typ8.D. 
Panol A-14, however, aftar four periods of loading showed 
a nininum increase in deflection of O.'OS $nch and failed 
l* holes. after the start af the fifth period of loading. 

Tho recovery of typos 3, G, and P psnols in theso 
tests was satisfactory, although the defloctioa after 

.onch period of recovery was ali'ghtly greater than tha 
corros2ondfng quantity for the preceding period. A.fter 
6 cyolos the deflection at the end of the recovery period 
was not greater than 0.01 inch for any of the three 
types and for all tha locatfons.. The correspondfsg 
quantity vas 0.05 to OF08 inch for panel A-14 after 
only 4 cycles, 

Sinuo the panels vary in thedr dimensions as much 
as l/32 inch, the reeufts‘of tests made on similar types 
of pmals nay vary somewhat. Other factors possibly 
affecting the test results are the clamping pressure, 
tho aging of the panels, and the variation between lots. 
With regard to the variation between lots, the panels 
tested vore from two lots, those numbered 1 through 4 
being in the first group and the remainder in the second* 
The pcnols ware 1 to 9 months old at the time they were 
testod. While no dotailed study was mad8 of tho varia- 
tion to be expected in consequence of thesa factors, 
some data are availablg for panels tested st 77' 3' for . 
creep and cyclse loading. {See table $V.) It is ovs- 
dent from these data that panels pf types 3, C1 and D 
ara lsss affected by variations botwe-en spoofmens or in 
axporinaatal conditions than panels. of typo A. 
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Bursting-Strength Tests 

The results of the short-time bursting-strength 
tests are presented in table v. The appearance of rep- 
resentative panels after this test is illustrated in 
figures 19 to 23. The data obtained in burst tests 
made under long-time loading conditions are presented 
in table VI. 

The bursting pressure far the type A panels in the 
short-time test varied from 10 pounds per square fach at 
140? 3' to 64 pounds.por square inch at -20' 3'. (See 
table 0.) At the hfgher temperature the panel fatled by 
a uambination of shearing and tearfng of the plastio 
around the edges rather than by fracture of the glass. 
The B type panel, which was somewhat stronger at the 
high temperature but not, at the sub-zsro temperature, 
failed ovex a pressure range of 20 to 34 pounds per . 
square inch. The C and P panels are much alfke in con- 
struction and are superSor to the others in bursting 
strength. They failed at pressures rangtng from 20 
pounds per square inch at 140 * I' to 70 pounds per square 
inch at -20' F, At 77O B these twb types were charac- 
terized by a failure of the glass at about 30 pounds psr 
square inch followed by a failure of the plastic at 
slightly higher pressure. Types C and D panels deflected 
greatly afterthe glass fadled at 77O and 14Oo'p: a 
typioal failure from a test made at 77' F is shown $n 
figure 23. 

In the *long-timsfi burst tests, tpe A and type 0 
panels withstood grossures of.38 and 43 pounds per 
squars inch, respectiveSy, at sub-freezing temperatures 
without faLlure for more than 7 heura, 
failed at 77O . aad' 

The A type panel 
140° H at pressures of 20 and 7.3 

pounds per square Pnah, reepeotively, within a few 
minutes, A type 0 panel withstood the test pressure, 
20,s pounds per square inoh, for almost 2 hours at 7'7O F, 
but another 0 panel fatled quickly when subjected to a * 
temperature of 140' B at 1'7.5 pounds per square inch 
pressure. SfnCe the panels with the metal insert wer8 
found superior to the other types, an additional test was 
made at l-40' $ upon a type 0 ganel with a pressure of 8 
$ounds par square inch. This pressure did not cause 
fatlure of the panel in a period of 6 heura. 
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CONCLUDING RlMARKS 

Of the several windshields with an extended plastic 
layer for mounting in airaraft that were investigated, 
those having a strip of 0.03%inch-thick aluminum or 
0.019-inch-thick stainless steel inserted in the plastic 
layer from the outer edge to about l/4 inoh between the 
glass plates proved to be superior in the various tests, 
These windshields were resistant to creep and burstfng 
under pressure conditions of the order of those which 
are encountered in service. Their ability to withstand 
ordtnary servfce pressures at a temperature of 140' F 
should make them suftable for use in a heat-de-icing 
design that involves double glaefng and the circulation 
of heated afr in the space between the two glass panes. 

The research fndicated that some difficulty may be 
encountered with leak8 when windshields with these types 
of mounting are subjected to low temperatures unless 
the frames are tightened after being exposed to low tem- 
perature or some devfae is employed to maintain pressure 
on the frames at all times. 

National Bureau of Standards, 
Washington, D. C., March 30, 1944. 

RDFE?ENOE 

1. Timoshenko, Sterrhen: Theory of Plates and Shells. 
McGraw-Hill gook Co., Inc., 1940. 
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NACA TN No. 936 

Type A 

Type B 

-z - -- - -;--=z- 

Types C and D 

Fig. 1 

lr1;0. 1. CROSS-SECTION OF WINDBHIELD PANELS. 



NACA TN No. 936 Fig. 2 

Types A, C, and D 

Note.- Clearmoe s IS 1./16 to 
l/g lnah. 

Type B 

FIG. 2. CROSS-SECTION OF PFUZMURE CHAMBER 
FOR TE8TllG WZNDSHIELD PANELS. 



NACA TN No. 936 
. 

Fig. 3 
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Figure 3.- Pressure chamber for types A, 0, and D panels wit? 
a windshield in plaoe. 
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NACA'TN No. 936 Fig. 4 
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Figure 4.- Dismantled pressure ohamber (same ohamber as in 
figure 3). 
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Figure 5.- Defleotion-time oh&actsrietice 
recovery. 

Uurin&‘loading ancl 





TIma, blinutes 
3Qure 7.- Deflection-time characterisltioe during 1oacIiig and 

reoovsry. 



HACA TN PO. 936 Fig. 8 

Fl&re 8.0 Deflection-time oharaoterlstfae during ‘loading and-. 
recovery. 



Tlmii. inlnutse 
Fimqs B. - l[Te;tIeotion-timQ ohgraoteristlos 9.uringToding ad 

raa0ver.y.. 
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Figure XL- Defleotion-time characteristioe during loading and moovery. 



Plae. q lnuteo 
Fignrs 11.-i Defleotlon-time ohareoterlstios during loading. and reooverg. 
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Figure l2.- Defleotion-time oharaateristios during loading and reoovery. 
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Time, mlnutee 
Figure 13.- Deflection-time cQ.racterietice during loading and recovery. 
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Figufs 16.9 Def~sotions memumd in cyollo loding teeto. 
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Figum 17.- Defleotions measured in cyclic loading-teats. 
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$lglne 18.- Deflections meaeured in cyclic loading teats. 



NACA TN No. 936 Fig. 19 

Figure 19.7 Type A panel after bursting test at 770F. 
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NACA TN No. 936 Fig. 20 

I -- 

Ffgure 20.- Type A panel after bursting test at -2O?. 



NAClA Tti No. 936 Fig. 21 

Figure 2ZL.- Type B panel after bursting test at 140°F. 



NACA TN No. 936 

Figure 22.- Type 0 panel'after bursting test at -2OOF. 
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Figure 23.- Type D panel after bursting test at 7?OF. 
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